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(Received  23  Jul>.  1990:  in  revised  form  23  October.  1990) 

Abstract.  Observations  of  two  quiescent  filaments  show  oscillatory  variations  in  Doppler  shift  and  central 
intensity  of  the  He  I  >.10830  \  line 

The  oscillatory  periods  range  from  about  5  to  15  m.n.  with  dominant  periods  of  5.  9.  and  16  min.  The 
5-min  period  is  a!;.-  detected  ..'  die  .nsens.iy  s..rv:t„.i;s.  after  correction  for  atmosi>hene  effects.  Doppler 
shirts  rre.ede  intensity  Vaiuiwot-s  6s  about  one  p-ri  d  The  possibility  'hat  the  oscillations  are  Alfvcn  waves 
is  discussed. 

I  he  Doppler  signals  of  the  filament  form  ribril-like  structures.  The  fibrils  are  all  inclined  at  an  angle  of 
about  25  1  to  the  long  axis  of  the  filament  The  magnetic  field  has  a  similar  orientation  relative  to  the  maior 
direction  of  the  filament,  and  the  measured  Doppler  signals  are  apparently  produced  by  motions  along 
magnetic  flux  tubes  threading  the  filament 

The  measured  lifetimes  of  the  small-scale  fibrils  of  quiescent  disk  filaments  are  very  likely  a  combined 
effect  of  intensiH  modulations  and  reshuffling  of  the  structures 


1.  Introduction 

The  oscillatory  character  of  velocities  in  quiescent  prominences  has  been  studied  by 
several  authors.  Recent  results  are  discussed  by  Tsubaki  etui.  (1988).  Two  types  of 
oscillations  have  been  found.  The  first  type  is  a  long-period  oscillation.  Malvillc  and 
Schindler  (1981)  detected  oscillations  of  a  loop  prominence  of  period  75  min.  Similar 
oscillatory  perils  (50  to  04  min)  have  been  observed  in  quiescent  prominences  by 
Wiehr.  Stcllmacher.  and  Balthasar  ( 1984).  Similarly.  Suematsu  el  at.  ( 1990)  reported  to 
have  seen  periods  of  about  one  hour  in  a  large  quiescent  prominence.  The  second  type 
has  a  much  shorter  period.  Wiehr.  Stcllmacher.  and  Balthasar  (1984)  detected  oscilla¬ 
tions  of  periods  from  3  to  8  min  in  Zeeman  polarization  of  the  Ha  line.  From  analyses 
of  Call  K  line  profiles  Tsubaki  and  Takendi  (1986)  and  Tsubaki.  Ohnishi.  and 
Suematsu  ( 1987)  measured  periods  in  velocity  variations  of  160.  210.  and  640  s.  Short 
periods  of  240  and  810  s  have  also  necr.  detected  by  Suematsu  etui.  (1990)  \||  these 
studies  were  done  in  pronnnencts  observed  ai  the  solar  limb.  Oscillatory  motions  have 
not  vet  been  detected  in  observations  of  prominences  on  the  disk  (filaments).  Malherbe. 
Schmiedcr,  and  Mein  ( 1981)  and  Malherbe  et  al.  ( 1987)  studied  radial  velocity  both  in 
Ha  and  Civ  line  in  filaments,  and  concluded  that  oscillations  could  not  be  seen. 

Ghenojian,  Klepikov,  and  Stepanov  ( 1990)  concluded  from  polarimetric  and  spectro- 
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scopic  observations  of  prominences  that  only  the  measured  velocity  variations  in 
Doppler  velocity  are  of  solar  origin.  The  periodic  variations  in  such  as  line  widths, 
intensity,  and  polarization  are  allegedly  produced  by  some  wave  phenomena  in  our 
atmosphere. 

The  shorter  periods  could  be  local  MHD  waves,  whereas  the  longer  periods  may 
represent  eigenmodes  of  presumed  loop-like  structures  themselves.  The  objective  of  the 
present  study  is  to  analyse  the  oscillatory  nature  of  the  vertical  flow  velocities  in 
filaments  using  observations  in  the  Hei  z.  10830  A  line. 

The  line  tibril  structures  of  prominences  are  well  visible  in  observations  of  sub- 
arcsecond  seeing  (Dunn.  1460:  ling  void.  1476:  Dentoulin  etal..  1987).  The  lifetime  of 
such  structures  is  about  8  min  or  less,  depending  on  size  and  brightness  (hngvold.  1476. 
147S).  Generally,  the  fibrils  are  organized  at  some  angle  relative  to  the  long  axis  of  the 
filament  (Simon  ft  til..  1486).  From  a  sample  of  70  prominences  Tandbcrg-Hanssen  and 
Anzer  ( 1470)  found  that  the  field  makes  an  angle  x  ^  15 ;  with  the  filament  long  axis. 
Other  groups  (Leroy,  Bommier,  and  Sahal-Breehot,  1484;  Kim.  1990)  find  angles  of 
inclination  about  25  .  The  shear  of  the  magnetic  field  inferred  from  the  data  above  is. 
conceivably,  a  necessary  condition  for  the  formation  of  prominences. 

Assuming  that  the  mass  motions  in  filaments  are  channeled  along  the  magnetic  fibril 
structures  one  expects  to  see  the  magnetic  topology  reflected  in  the  spatial  pattern  of 
the  motions. 


2.  Observations  and  Data  Processing 

The  observational  data  is  part  of  2-D  spectral  scans  of  a  total  of  17  different  filaments 
observed  during  the  period  May  3  through  9.  1981.  using  the  main  spectrograph  of  the 
Vacuum  Tower  Telescope  of  the  National  Solar  Observatory  at  Sacramento  Peak 
(Dunn.  1969). 

Fach  series  of  scans  consists  of  60  spectral  frames  (sometimes  90)  recorded  in  rapid 
succession  u  bile  the  solar  image  drifted  across  the  entrance  slit  of  the  spectrograph.  The 
time  difference  between  successive  scans  is  140  s.  The  slit  positions  of  adjacent  expo¬ 
sures  are  barely  overlapping,  and  the  data  covers  an  area  on  the  Sun  of 
76  ■  100  arc  sec  ’  A  100  x  100  pixel  CCD  camera  was  used  to  record  100  arc  sec  by 
6.0  A  spectral  sections  centred  on  the  chromospheric  Hei  z.10830  A  line.  Latch  spectral 
exposure  also  contains  the  pholospheric  Si  /.  10827. 109  A  line,  and  the  atmospheric 
water  vapour  line  at  /.  10832. 109  A.  Both  lines  were  used  for  calibration  of  the  wavelength 
scale  (ef.  Breckinridge  and  Hall.  1973).  Standard  procedures  were  applied  to  correct 
the  CCD  images  for  variable  pixel  sensitivity  and  dark  current. 

The  spectral  dispersion  corresponds  to  3.86  mA  per  pixel,  which  is  equivalent  to  9.4 
pixels  per  km  s  1 .  High-frequency  noise  was  removed  by  appropriate  smoothing  of  the 
data  in  both  spatial  and  spectral  directions.  The  position  of  the  Hei  line  was  measured 
as  the  position  of  the  central  minimum  intensity,  and  as  the  ‘center  of  mass'  of  the 
deepest  25"„  of  the  line.  No  significant  differences  in  the  results  from  the  two  methods 
were  found.  The  latter  definition  has  been  used  for  the  results  presented  here. 


* 


SI  Kl  <  I  I  Kl  -\NI>  4  >S(  III  \  I  h  l\S  IS  yl  II  SI  I  S  I  PROMINI  N<  I  S 


65 


The  He  I  line  is  very  weak  in  the  chromosphere,  but  quite  strong  in  absorption  in  disk 
filaments,  and  consequently  bright  in  emission  in  prominences  observed  at  the  limb 
(Giovanelli.  Hall,  and  Harvey.  1972).  The  absence  of  a  chromospheric  absorption  line 
makes  the  interpretations  of  the  He  I  line  absorption  in  filaments  less  complicated  than 
in  the  cases  of  the  Can  H  and  K.  and  hydrogen  Balmer  lines. 


3.  Results 

The  filament  of  May  4  is  displayed  in  the  two  images  of  Figure  1.  which  are  recon¬ 
structed  from  one  series  of  spectral  frames.  One  image  gives  the  contour  map  of  the 
central  intensity  of  Hei  7. 10X30  A  and  the  othe.  shows  the  corresponding  line-of-sight 
velocity.  One  notices  that  the  velocity  map  resolves  finer  details  and  smaller  structures 
than  the  intensity  image. 

3.1.  Oku  m  \ t ion  ot  t  iBKit  siric  ii  risin  i  iii  hi  ami  n  i 

The  tine-scale  velocity  structures  vary  with  time.  Both  the  amplitudes  of  line  shifts,  as 
well  as  their  positions,  are  changing.  The  velocity  field  appears  in  the  form  of  tibril 
structures,  which  all  are  aligned  systematically  relative  to  the  long  axis  of  the  filament 
(see  Figure  1(b)).  The  angles  of  inclination  range  typically  between  17  and  35  .  with 
an  average  value  of  n  26  over  the  27.5  min  duration  of  the  time  series. 

The  mean  half  width  of  the  filament  fibril  structures,  i.e..  the  FWT1M  in  the  direction 
perpendicular  to  their  long  axes,  are  typically  1-3  arc  sec.  The  true  widths  arc  most  likely 
smaller,  and  the  measured  widths  are  very  likely  given  by  the  spatial  resolution  ip  the 
data  which  is  >  1  arc  sec. 

I  he  measured  angles  of  inclination  are  similar  to  the  earlier  noted  shear  of  the 
magnetic  field  (1  eroy.  19NN:  Kim.  1990).  1  his  observation  suggests  that  the  observed 
velocity  fibrils  truly  represent  mass  motion  in  magnetic  flux  tubes  which  are  threading 
tile  filament. 

3.2.  ( )st  it  t  \  t  It  INS 
3.2.1.  l  elm  in 

I  he  time  behaviour  of  the  velocity  signal  is  measured  over  2.5  x  3.0  arc  sec'  areas  at 
several  positions  along  the  filament  fibrils,  flic  results  from  the  27.5  min  long  time  series 
ol  images  ol  4  May  are  shown  in  Figure  3.  I  he  similarity  in  the  velocity  signals  along 
a  given  libril  means  that  the  entire  fibril  structure  is  activated  which  would  be  the  case 
it  the  fibrils  are  magnetic  Mux  tubes.  I  he  power  spectra  for  fixed  points  along  the  fibrils 
show  peaks  at  frequencies  corresponding  to  periods  in  the  range  from  9  to  14  min.  The 
amplitudes  of  velocity  variations  are  typicallv  +  0.5  km  s  F 

I  lie  filament  of  3  May  was  observed  lor  97  min.  and  provides  an  opportunitv  to 
search  for  periods  of  oscillations  over  a  larger  range.  Figures  4(a)  and  4(b)  show  the 
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arc  sic  I  f  He  /) 

big.  I  (a)  The  central  line  intensity  map  of  He  I  /.IOK30  A  in  a  quiescent  filament  observed  on  May  4. 1981. 
13:41 : 00-13:42:20  l IT  (b)  The  corresponding  velocity  map  derived  from  the  Hel  line.  The  long  axis  of 
the  quiescent  filament  is  indicated  by  the  straight  line  and  the  axes  of  velocity  fibrils  are  drawn  with  broken 
straight  lines  The  sampling  window  si/e  is  shown  by  the  square  box  in  the  lower  left  of  the  frame 
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Widths  (arcsec) 

(:i I  Distribution  of  the  angles  of  the  (ilamem  fibrils  with  the  long  axis  of  the  filament  and  (b)  fibril 
widths  of  the  Mav4  filament. 
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1  (  'ur\cs  siuming  asall.iliiMis  in  the  Doppler  vdoeitv  ol  Mel  /  Ills  III  A  tor  the  Mat -1  filament 

1 1,  I.'  41  t"1 1  li  f  lic  numbers  refer  i<>  the  tihnl' shown  m  f  igure  I.  I  tie  differences  m  the  signals  tram 
tarioio  fibrils  are  obvious.  Power  spectrum  anaK'i'  viefd'  oscillators  periods  ranging  from  ‘J  to  14  mill 


intensitv  and  lelocii;  images  derived  for  die  region  of  this  lilanienl.  f  ile  corresponding 
lime  curves  and  power  spectra  are  show  n  in  I  igure  5.  The  oscillators  character  that  can 
be  seen  in  the  graphs  shows  up  as  maxima  in  the  power  speetta  at  frequencies  between 
3  mil  /  and  I  mil/.  These  frequenev  v  alues  are  ec|ui\alent  to  periods  of  about  5  min  and 
I  ('  min. 

Data  from  the  phott>sphenc  Si  t  line  l  Figures  (>  and  7 )  reveals,  as  expected,  a  dominant 
power  peak  around  3  mil/  ( 5  mm ).  In  addition,  there  tire  hints  of  periods  around  14  min 
in  the  phoiospheric  regions  below  the  filament. 

3  2.2.  /ufedsi/t 

In  contrast  to  results  from  earlier  studies,  a  pronounced  oscillators  variation  shows  up 
in  the  I  lei  line  center  at  several  positions  along  the  large  fibril  ol  the  3  Max  filament 
I  he  mtensitv  curves  and  the  average  power  spectrum  are  presented  in  Figures  St  at  and 
Mb),  show  mg  oscillations  with  amplitudes  of  about  2",.  of  the  local  continuum  mtensitv 
I  he  curves  have  been  corrected  for  variations  in  atmospheric  transparency  which  also 
give  rise  to  some  mtensitv  fluctuation  These  corrections  are  done  with  the  help  of 
simultaneous!)  recorded,  spatiallv-averaged  continuum  mtensitv  values  of  the  time 
series  The  two  dominant  periods  in  the  intensitv  fluctuations  of  about  5  find  12  mill  are 
virtual1)  the  same  as  in  the  case  of  the  velocitv  signal. 

\  cross-correlation  of  the  velocitv  and  intensitv  reveals  a  phase  dependence  of  the 
two  signals  ( Figure  9(a)).  the  largest  negative  shifts  occur  at  maximum  intensitv.  In 
addition,  there  is  often  an  increased  negative  correlation  close  to  .1/  ■»  x  min.  i.e.. 
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Pig.  5  Oscillations  of  He  I  /Jox30  A  velocity  field  inside  the  filament:  (a)  Velocity  curves.  The  numbers 
given  to  the  right  correspond  to  the  positions  shown  in  f  igure  4(b);  (b)  the  average  power  spectra.  Periods 
around  1>  X.  X.6.  and  5.3  nun  are  outstanding  for  the  first  fibril  ( 1-14).  and  around  10.6  min  for  the  second 

fibril 


Pig.  b  Oscillations  in  Sit  /.  10827. 109  A  velocity  below  the  filament  (a)  Vclnciu  aincs  and  (b)  averaged 
power  spectra  The  5-min  oscillations  are  observable  m  the  photosphcric  layer. 


Pofiptcr  vflofity  (km  s) 


SIRIX’IIKI  \Nl>  OS(  I!  I  \  I  IONS  IN  Ql'lt St  INI  PROMINI  \<  I  S  7! 


0  -V  40  60  so  7  00  0  -7  4  6  8 

Jir  v(mHZ) 

fig.  "  Oscillations  in  Sn  /WX27.I04)  A  \elocit\  in  regions  outside  the  filament:  (a)  Velocity  curves,  and 
lb)  averaged  power  spectra  I  he  5-nnn  period  is  also  detectable  in  this  area. 
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lag.  X  Intensity  variations  in  He  I  /.  10X30  A  line  The  positions  are  the  same  as  for  the  velocity  curves 
shown  m  the  previous  figures,  (a)  Intensity  variations  corrected  for  seeing  (see  text ).  and  (b)  averaged  power 

spectrum. 
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approximately  one  full  period  of  the  oscillation.  This  suggests  that  the  intensity  variations 
often  show  up  one  period  after  the  start  of  the  velocity  oscillation.  In  one  case 
(Figure  9(b))  the  opposite  situation,  namely  that  the  intensity  is  proceeding  the  velocitv 
oscillation,  is  occasionally  seen. 

Assuming  that  the  intensity  signal  is  produced  by  variations  in  seeing,  as  suggested 
by  Ghenojian,  Klepikov,  and  Stepanov  (1990).  one  would  expect,  similar  type  signals 
in  the  Sil  and  the  water  vapour  lines.  The  Sit  central  intensity  also  varies,  but  the 
v  ariation  is  different  front  the  Met  /.10830  A  line.  One  may,  therefore,  conclude  that  the 
observed  intensity  variations  can  not  be  ascribed  to  seeing. 

3.3.  I.IH  IIMl  Ol  I  INI -SC  Al  ii  S  I  Kl  <11  HI  S 

One  notices  that  the  observed  periods  of  oscillations  are  comparable  to  the  lifetime  of 
fine-scale  structures  (thread  and  knots)  of  quiescent  prominences  (Engvold.  1976). 
t  nfortunately,  the  contrast  of  the  present  Mel  images  of  disk  filament  is  too  low  to 
resolve  well  the  individual  threads  for  a  direct  determination  of  their  lifetimes.  By  taking 
the  cross-correlation  of  the  intensity  images  of  the  filament  one  may.  however,  derive 
an  average  time  property  for  the  structure. 

I'sing  the  definition  of  lifetime  given  by  Golub  ( 1976).  we  may  introduce  the  v  alues 
(  (/  /,,).  which  are  the  cross-correlation  coefficients  as  functions  of  time.  In  Figure  HI 

we  have  plotted  the  time  cross-correlation  for  the  filament  area  of  the  3  May  event.  The 
curve  appears  to  he  the  result  of  two  different  lifetimes  r,  and  which  can  be 
represented  by  the  formula: 

('(/  l„)  (  ,  c  "  '  1  ■  -  I  .  ,•  "  '  ’  .  (  I  ) 

where  i,,  is  the  time  of  observation  of  the  reference  frame  and  r,  and  r.  represent  the 
two  time-scales.  The  tune  scales  for  small-scale,  medium-scale,  and  large-scale  struc¬ 
tures  of  prominences  are  generally  taken  to  be.  respectively.  <  10  min.  2- 1 2  hours,  and 
weeks  to  months  (F.ngvold  cml .  19X9).  In  the  event  that  the  shorter  scale  r,  is  only  a 
few  minutes  and  r.  is  several  hours  the  relation  may  be  expressed  by  the  two  alternative 
expressions: 


i  >  h  • 

A  fit  of  the  curve  in  Figure  10  to  the  expressions  above  yields  r,  i  13  min.  which  is  in 
good  agreement  with  values  for  small-scale  structures  obtained  by  others. 

Hie  similarity  of  the  periods  of  velocity  oscillations  and  the  time-scale  r,  may  imply 
a  possible  phase  dependence  between  velocity  and  brightness.  We  also  noted  an 
increase  of  cross-correlation  coefficients  at  about  one  hour  later.  This  quasi-oscillation 
m  intensity  will  influence  the  lifetime  of  the  prominence  structures  determined  by 
cross-correlation  techniques. 


C(i  -  r„)  i 
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I  ij».  II  Ihc  distribution  of  oscillatory  periods  in  Hei  /  10X30  A  velocity  for  the  power  maxima  at. 
respectively.  P  15  8.  10.6.  X.6,  and  5.3  mm  (see  ligure  5(b))  The  Her  >.10830  A  intensity  contours  corre¬ 
sponding  to  3ir„.  ^0",,.  and  70“,,  of  the  maximum  power  are  shown  by,  respectively,  solid,  dotted,  and 
bold  lines.  The  two  heavv  lines  mark  the  filament  channel. 
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1  aeh  point  in  the  licit!  has  its  own  lime  propeilv  w Inch  can  he  studied  from  power 
spectra  derived  for  even  point  (e  g.  area  2.5  <  3.0  are  see  ),  for  a  given  ('requeues  of 
the  oscillations  one  derives  the  distribution  of  power  as  function  of  position  within  the 
observed  area,  figure  1 1  shows  the  distribution  of  oscillating  regions  derived  from  the 
I  lei  veloeitv  held.  I  he  selected  Irequeneies  correspond  to  peaks  in  the  power  spectra 
I  he  filament  channel  is  clearlv  seen  in  the  maps  showing  the  power  distribution  at 
frequencies  of  power  maxima  in  the  spectra.  The  filaments  arc.  on  the  other  hand,  not 
noticeable  in  maps  based  on  frequencies  of  power  minima  of  the  spectra. 

I  he  siniilaritv  of  the  time  variations  at  the  positions,  respective!)..  1-14  and  15-14 
in  f  igure  5a.  suggests  that  these  are  two  separate  magnetic  loop  structures.  The  oscilla¬ 
tor)  power  is  notablv  suppressed  in  the  region  between  the  two  fibrils. 

I  nlike  Ihe  results  from  the  He  I  /.  10X30  \.  the  Si  i  line  shows  niainlv  the  5-niin  period. 
Some  correlation  is  seen  between  v  arious  power  peaks  of  the  pholosphene  Si  I  line  and 
the  outline  of  the  filament,  fins  could  possiblv  be  where  the  Toot-points'  of  filaments 
connect  to  the  photosphere  \t  all  other  frequencies  the  oscillators  periods  are  irregu¬ 
laris  distributed. 
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4.  Conclusion 


4.1.  SlRltTl’RtS 

The  velocity  images  derived  from  the  Hei  7.10830  A  line  provide  belter  contrast  than 
the  corresponding  intensity  images,  and  resolve  clearly  the  fine-scale  fibril  structures. 
These  structures  represent  mass  motion  in  magnetic  tubes  of  force.  The  tendency  of  the 
fibrils  to  be  inclined  with  respect  to  the  long  axis  of  the  large  filament  would  agree  w  ith 
the  flux  lube  interpretation.  A  number  of  observations  have  shown  that  the  angle 
between  the  field  vector  and  the  prominence  long  axis  is  typically  about  25 :  (Leroy. 
Bommier.  and  Sahal-Breehot.  1983.  1984:  Kim  etui..  1 988 )  in  good  agreement  with  the 
current  angles  of  inclination  given  in  Figure  2. 

4.2.  Osc  in  \t  ions 

The  oscillatory  character  of  large  quiescent  disk  filaments  is  apparent  in  the  observa¬ 
tions  of  the  He  I  710830  A  line.  The  measured  periods  of  about  10  min  are  very  similar 
to  the  values  obtained  from  prominences  observed  at  the  Sun's  limb.  The  amplitudes 
of  velocity  fluctuations  around  0.5  km  s  1  are  generally  less  than  the  values  derived 
from  observations  at  the  limb  (Tsubaki.  Ohnishi.  and  Sucmatsu.  1987).  It  is  likely  that 
the  spatial  resolution  of  our  data  (  -  1  are  sec)  would  tend  to  smear  the  signal  and 
thereby  reduce  the  velocity  amplitudes. 

Since  the  chromospheric  Hei  710830  A  line  is  very  weak  there  will  be  no  chromo¬ 
spheric  contribution  to  the  Doppler  shifts  in  the  filament.  The  measured  Doppler 
velocities  are  produced  in  the  filaments. 

The  fact  that  the  characteristic  5-min  oscillation  period  of  the  photosphere,  is  clearly 
present  in  the  two  large  fibrils  seen  in  Figure  4(b)  (see  Figure  5(b)).  could  suggest  that 
thephotospherie  motions  trigger  the  oscillations  in  the  prominence.  The  8-min  to  16-min 
periods,  that  are  observed  in  the  fibrils,  are  not  apparent  in  the  power  spectrum  of  the 
photospheric  Sii  line.  These  longer  period  oscillations  in  the  filament  could  in  turn  be 
generated  by  agitation  at  its  footpoint  where  the  5-min  period  is  dominant. 

The  observed  oscillatory  changes  in  He  i  central  intensity  cannot  be  ascribed  to  seeing 
or  other  atmospheric  effects,  and  they  are.  therefore,  deemed  to  be  of  solar  origin.  It 
is  of  interest  to  compare  the  radiative  energies  associated  with  these  oscillations  with 
estimates  of  potentially  available  mechanical  energies  in  the  fibril  structures.  Using  a 
continuum  intensity  -  1 .0  x  10'’  erg  cm  ’s  1  sr  'A  ')  (Labs  and  Neckel. 

1970.  1973).  the  intensity  amplitude  of  ~2°„  in  the  central  intensity  of  the  Hei  line 
(47  ~  0.5  A)  associated  with  these  fluctuations  corresponds  to  a  radiative  flux  at 
710830  A:  Fr["j  ~  105  erg  cm  2  s  '.  Possible  variations  in  line  widths,  which  are 
normally  less  than  about  20", ,  (see  Tsubaki  and  Takeuchi.  1988).  could  impose  only 
minor  modifications  of  this  amplitude  value. 

One  cannot  readily  convert  these  fluctuations  into  a  corresponding  value  for  the  total 
radiative  flux  variation  since  different  lines  respond  differently  to  small  changes  in  the 
atmospheric  parameters.  We  may,  however,  attempt  to  make  an  order  of  magnitude 
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estimate  of  the  fluctuation  in  the  total  flux  by  considering  the  brightness  of  the  I  le  I  line 
to  other  bright  emission  lines  of  prominences.  I  sing  line  fluxes  of  quiescent  promi¬ 
nences  observed  by  Yakovkin  and  Zeldina  ( 1964).  T  ngvold  ( 197X).  Milkey  el  til.  ( 197X). 
Vial  (19X2).  and  others,  together  with  values  of  the  line  emission  predicted  from 
theoretical  models  of  prominences  (Heasley  and  Milkey.  1976).  one  finds  that  the  total 
emission  from  a  prominence  is  easily  >  2(1  times  the  flux  from  the  Hei  7.10830  line  alone, 
from  this  we  estimate  the  observed  fluctuations  in  the  emission  of  a  quiescent  promi¬ 
nence  to  be  =  2  x  10*’  erg  cm  -  s  '. 

An  estimate  of  a  possible  MUD  wave  energy  flux  in  the  fibril  structures  may  be 
derived  from  the  expression 

>  '/>t.11  );l  v  -  (3) 

where  ,>  is  the  gtis  density.  II  the  amplitude  velocity  of  the  oscillations,  and  I  \  an 
assumed  \lfven  velocity.  I '  sing  the  values  />  >  111  "gem  ‘.  If  '^2  kins  '.  and 
l  \  -  7(1  km  s  1  and  get  ~-  1.4  x  ]0*  erg  cm  '  s  '. 

One  may  assume  that  a  fraction  xof  this  flux  is  converted  to  radiative  energy  per  unit 
length,  and  that  the  thickness  of  the  fibril  structure  in  the  line-of-sighl  is  /..  The  resulting 
radiative  flux  should  then  be  I  ~xl\, ,  looking  nearly  perpendicular  lo  the  fibril 
structure  of  thickness  /.  I0--I0'  km  1 1  ngvold  ct  at..  19X9).  one  obtains  values  for  /• 
in  the  range  1.4  •  |(l"z  lo  1.4  *  Hl'-’x  (erg  cm  ’  s  1 ).  which  compared  with  the 
estimated  values  of  above  would  yield  x^  1(1  \  Hence,  the  radiative  energy 

associated  with  the  oscillations  appears  negligibly  small  in  comparison  with  estimates 
of  wave  energy  in  the  structures. 

On  the  other  hand,  weak  dissipation  coupled  to  density  fluctuations  driven  by  All'ven 
waves  (llollweg.  1971)  in  the  filament  fibrils  could  account  for  the  observed  intensity 
variations,  but  the  waves  would  need  lo  undergo  negligible  damping  for  this  reason 

The  time  behav  iour  of  the  v  elocity  is  strikingly  similar  for  different  points  along  a  giv  en 
filament  fibril  (points  1-14.  and  15-19  m  f  igure  5(a))  showing  that  the  entire  fibril 
structure  takes  part  in  the  motion.  It  has  been  proposed  that  oscillations  with  periods 
3-11  min  could  be  \lfven  waves  propagating  along  magnetic  loops  of  solar  promi¬ 
nences  (Solov'ev.  19X5).  Jensen  (19X3.  19X9)  has  shown  that  dissipation  of  Alfvenie 
wave  energy  in  prominences  may  provide  support  in  the  field  of  gravity.  The  search  for 
phase  velocities  in  the  oscillating  filament  fibrils,  and  the  possible  Alfvenie  character  of 
these  oscillations  is  discussed  in  a  subsequent  paper  (Yi  Zhang,  I  ngvold.  and  Jensen. 
1991). 

4.3.  1  ii  i  i  imi  s 

li  has  been  noticed  that  the  observed  periods  of  oscillations  are  comparable  to  the 
lifetime  of  the  fine-scale  structures  (threads  and  knots)  of  quiescent  prominences 
( I. ngvold.  1976).  Sucmatsu  ct  til.  ( 1990)  noticed  quasi-oscillatory  intensity  variations  of 
periods  ~  10  min  in  the  Ca  n  K  line  from  a  quiescent  prominence,  which  agrees  well  with 
the  oscillatory  periods  measured  in  the  present  data.  Cross-correlation  of  the  filament 
image  gives  an  (’-folding  time  of  -  1 3  min.  in  good  agreement  with  the  above. 
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The  fact  that  the  tibril  structures  are  moving,  partly  due  to  oscillator)  motions,  and 
partly  because  motions  in  the  photosphere  will  displace  thin  magnetic  dux  ropes  forming 
the  fibrils,  will  lead  to  a  continuous  restructuring  of  the  small-scale  fibrils.  Assuming 
photospherie  flow  velocities  of  <  0.5  km  s  '.the  anchor  points  of  flux  ropes  could  move 
a  distance  comparable  to  the  observed  scale  of  the  fibrils  (<300  km)  in  -  10  min. 
Cross-correlation  analysis  may  then  lead  to  lifetimes  of  similar  values. 

In  conclusion,  the  measured  lifetimes  of  the  small-scale  structures  in  prominences 
(filaments)  very  likely  reflect  combination  of  (i)  intensity  modulations  and  (ii)  physical 
reshuffling  of  small-scale  fibril  structure. 
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